Twenty surface (0-15 cm) samples of acidic soils were analysed for different chemical fractions of soil Cu namely; water soluble (WS), exchangeable (EX), lead displaceable (Pb-disp.), acid soluble (AS), Mn oxide occluded (MnOX), organically bound (OB), amorphous Fe oxide occluded (AFeOX), crystalline Fe oxide occluded (CFeOX), residual (RES) and also for soil extractable Cu using DTPA (pH 7.3), DTPA (pH 5.3), AB-DTPA (pH 7.6), Mehlich 3 (pH 2.0), Modified Olsen, 0.005 MCaCl 2 , 1 M MgCl 2 extractants and ion exchange resins to understand the significance of different chemical fractions of Cu and suitability of soil extractant for predicting Cu availability to maize plants. Chemical fractions of Cu in acidic soils could be arranged in the following order: RES > MnOX > AFeOX > OB > CFeOX > AS > EX > Pb-disp. > WS. Chemical fractions of Cu in acidic soils and Cu extracted by the examined soil extractants were correlated with general soil properties. Water soluble (WS) and organically bound (OB) fractions of soil Cu showed significant and positive correlation with Cu uptake by maize. Among different examined soil extractants, DTPA (pH=5.3) and Mehlich 3 (pH = 2.0) showed significant and positive correlation with the dry matter yield, Cu concentration and uptake by maize plants in acidic soils.
Introduction
Copper is an essential micronutrient for the normal healthy growth and reproduction of higher plants and animals. The availability of Cu to higher plants is governed by a wide array of soil properties such as pH, redox potential, cation exchange capacity, texture, soil organic matter, Mn and Fe oxides content (Wu et al. 2010) . In soils, Cu is associated with different inorganic and organic soil constituents. Chemical speciation is identification and determination of different chemical and physical forms of element present in a sample by sequential extraction technique (Grzebisz et al., 1997) .
Copper availability to plants is associated with its distribution among different soil chemical fractions or pools as these chemical fractions of soil Cu are likely to differ in their ease to release Cu in soil solution for plant absorption (Violante et al., 2010) .
For the evaluation of Cu availability in soils, a variety of multi-nutrient soil extractants like 0.005 M diethylene triamine pentaacetic acid (DTPA, pH 7.3) (Lindsay and Norvell, 1978) , 0.005 M DTPA (pH 5.3) (Norvell, 1984) , ammonium bicarbonate-DTPA (AB-DTPA, pH 7.6) (Soltanpour and Workman, 1979) , Mehlich 3 solution (pH 2.0) (Ostatek-Boczynski and Lee-Steere, 2012), CaCl 2 , (Houba et al., 2000) , 1M MgCl 2 (Tiller et al. 1972) are used. The suitability of a particular soil extractant for predicting the availability of Cu in soils can be decided on the basis of the relationship between the content of extractable soil Cu estimated by a given soil extractant and Cu concentration and uptake by plants. In the present investigation, we have attempted to relate the chemical speciation of soil Cu vis-a-vis extractable soil Cu using different multi-nutrient soil extractants to the concentration and uptake of Cu by maize grown in acidic soils to identify the Cu species playing important role in governing the availability of Cu to the plant and accordingly choose a multi-nutrient extractant for predicting Cu availability to plants.
Materials and Methods
Twenty surface (0-15 cm) soil samples were collected in bulk from the districts of Udham Singh Nagar, Nainital, Champawat of Uttarakhand Province and Moradabad district of Uttar Pradesh of India.
The sampling area is located between 28o18'27.21" N to 29o24'55.07" N latitude and 79°27'10.75" E to 80°6'12.01" E longitude with the altitude ranging from 136.9 m to 1585.8 m above the mean sea level.
The soils in the region belong to soil orders namely; alfisol, entisol, inceptisol and mollisol. Soil samples were air-dried under shade and crushed by wooden roller and passed through a 2-mm sieve. The soil samples were analyzed for mechanical analysis by Bouyoucous Hydrometer method, soil pH and electrical conductivity in 1: 2 soil water suspension and readily oxidisable C by modified Walkley and Black method as per standard procedures.
Chemical speciation of Copper in soils
Different chemical fractions of Cu in these soils were analysed following the sequential fractionation scheme proposed by Miller et al. (1986) . As per this scheme, 2 g air dried soil sample was transferred in a polyethylene centrifuge tube in duplicate and sequentially extracted for different chemical fractions 
Soil extractants
These soil samples were also extracted in duplicate by the following extractants :
(i) DTPA solution (pH 7.3) -0.005M DTPA + 0.1M TEA buffer + 0.01M CaCl 2 .2H 2 ¬O, adjusted to pH 7.3; 10 g air-dried soil and 20 ml extractant were shaken for 2 h (Lindsay and Norvell, 1978) . were shaken for 30 min (Hunter, 1975) .
-5 g air-dried soil and 25 ml 0.005M CaCl 2 were shaken for 1 h (Aitken et al., 1987) .
6.0 using CH3COOH; 5 g air-dried soil and 25 ml of 1 M MgCl 2 were shaken for 1 h (Tiller et al., 1972) .
For all extractions soil suspensions were shaken on a temperature controlled orbital shaker at 120 rpm and the contents were filtered. The concentration Cu in the filtrates was determined using AAS.
Greenhouse experiment
A greenhouse experiment was conducted with maize ).
Statistical analysis
The data were subjected to simple correlation analysis and step-wise multiple regression analysis following the procedures outlined by Snedecor and Cochran (1967) . The test of significance was conducted at 5 and 1% level of significance (p ≤0.05). Path coefficient analysis was performed following the procedure outlined by Li (1956) .
Results
These soils showed a wide variation in general properties. Soil texture varied from sandy clay loam to clay.
Soil pH ranged from 4.57 to 6.83 while soil EC varied from 0.022 to 0.927 dS m -1
. Soil organic C content varied from 3.63 to 49.03 g kg -1 soil.
Chemical fractions of Cu
The ranges, means and standard deviations for the different chemical fractions of Cu in these acidic soils are presented in Table 4 . Chemical speciation and soil extractants for Cu in acidic soils Table 6 . Dry matter yield of maize showed a 
Relationships between Dry matter yield; Cu concentration and uptake by maize and extractable soil Cu estimated by different soil extractants
Simple correlation coefficients (r) computed between extractable content of soil Cu estimateded by different soil extractants and dry matter yield, Cu concentration and uptake of maize plants are depicted in Table 7 .
The DTPA ( 
Discussion
The distribution of heavy metals among different chem- (Borkert et al., 2004; Ostatek-Boczynski and Lee-Steere, 2012; Kantek and Korzeniowska, 2013; Gediga et al., 2014 ) also recorded the suitability of Mehlich 3 to assess plant available Cu.
Conclusions
In acid soils, residual Cu was the most dominant fraction followed by Mn oxide occluded-; amorphous Fe oxide bound-; organically bound-; crystalline Fe oxide bound-; acid soluble-; exchangeable-; Pb displaceable-and water soluble-Cu fractions in that order.
From plant availability point of view, water solubleand organically bound-Cu fractions were the most important in the acidic soils. Among the tested soil extractants, DTPA (pH 5.3) and Mehlich 3 (pH 2.0) appeared to be the most promising soil extractants to assess the availability of Cu in acid soils.
